The most popular treatment/management modality for coronary artery disease, which is one of the leading causes of death, is percutaneous transluminal coronary intervention (popularly known as "plain old balloon angioplasty") followed by implantation of a stent ("stenting"). Stent types have evolved from bare metal stents through first-generation drug-eluting stents to fully bioresorbable stents (FBRSs). Two examples of FBRSs are 1) Mg scaffold with no coating; and 2) Mg alloy scaffold coated with a bioresorbable polymer in which an anti-proliferative drug is embedded. In the case of Mg/Mg alloy FBRSs, one of the reported clinical results is that the resorption time of the stent is too short (<∼4 mo to ∼12 mo), a consequence of the high corrosion rate of the metal/alloy. The present review article contains 1) a summarized but comprehensive comparison and contrast of all the types of stents, with special reference to Mg/Mg alloy FBRSs; 2) a critical review of the body of literature on methods to reduce the corrosion rate of Mg/Mg alloy specimens in various aqueous biosimulating media that may have implications for plain Mg/Mg alloy FBRSs, examples of such methods being alloy chemistry modification and fabrication using a nanocomposite; and 3) directions for future work on Mg/Mg alloy FBRSs that draw upon the findings highlighted in item (2) above as well as on other ideas, such as utilization of a Mg matrix composite and fabrication using a metal additive manufacturing method. Thus, information given in this review may find use in work on decreasing the in vivo resorption time (and, hence, improving the clinical efficacy) of the current generation of fully-bioresorbable Mg/Mg-alloy stents as well as guide the development of the next generation of these stents.
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Introduction
Coronary artery disease (CAD) (sometimes called coronary heart disease or ischemic heart disease), the most common of the cardiovascular diseases, is caused by atherosclerosis, the genesis of which is damage to the endothelium [1] . A large array of factors has been identified as contributing to or causing atherosclerosis, including hypertension, Type II diabetes, smoking, high level of cholesterol in the blood, and genetic polymorphisms (such as angiotensin converting enzyme and interleukin-1 receptor antagonist) [2] . Flow of cholesterol-containing blood, via low-density lipoproteins, over the damaged site in the artery initiates a cascade of events (including, in particular, accumulation of fat and lipids in the blood) that culminate in the formation of de-novo lesions (plaque) at the site [1] [2] (Figure 1 ). With time, the plaque enlarges (that is, the artery is narrowed), thereby blocking the smooth flow of blood, and, hence, weakening the artery. Most importantly, plaque is unstable, and, as such, may rupture, causing a blood clot to occur, with the result being myocardial infarction (a heart attack) and, sometimes, death [1] [2] .
CAD is one of the leading causes of death, accounting for the death of about 371,000 people in the United States (about 1 in 7 deaths) [3] and about 8 million people in the world (between 1 in 6 and 1 in 3 deaths) each year [4] . The incidence of death due to CAD varies widely, with it being very low in some countries (such as France, Japan, Japan, and South Korea), moderate in others (such as the Indonesia, Thailand, and the United States), high in others (such as Laos, Malaysia, and Sri Lanka), and very high in others (such as Russia, Turkmenistan, and Ukraine) [5] . Furthermore, within a country, such as the United States, the age-adjusted CAD mortality rate death varies with 1) geographical location (state/province/region) [6] ; and 2) time (the annual decline in this rate dropped from 3.79% for the period 2000 to 2011 to 0.95% for 2011 to 2014 [7] .
The economic burden for CAD mortality and morbidity is very high; for example, in the United States, direct expenditures (for example, prescription drug costs) and indirect annual expenditures (for example, lost productivity) are estimated to be about $88b
and $67b, respectively [8] .
The current modalities for the treatment/management of CAD may be grouped into two broad categories, namely, evidence-based medical therapy and percutaneous coronary intervention (PTCI) (surgical intervention) [9] - [12] . Within the latter category, there are myriad options, such as coronary artery bypass grafting (CABG) (of which there are several variants, such as conventional (pump); off-pump, and combination of the off-pump and minimally-invasive direct CABG techniques (MIDCAB)); percutaneous transluminal coronary angioplasty using a plain balloon ("balloon angioplasty"); balloon angioplasty using a balloon coated with an anti-proliferative drug (APD) (BCA); balloon angioplasty followed by the placement of a stent ("percutaneous coronary intervention or "stenting"); atherectomy (use of a catheter-deliverable tool to debulk and remove the plaque by cutting, shaving, sanding, or vaporization); and combination/hybrid procedures; for example, MIDCAB and stenting, atherectomy followed by balloon angioplasty, and atherectomy followed by APD [9] [13]- [24] . The choice of modality for a given case is very challenging because it is dictated by a large array of factors, in particular, stage of CAD (for example, stable CAD and acute myocardial infraction), demographic characteristics and health status of the patient (principally, age and comorbidities, such as diabetes mellitus and high risk for bleeding), location of the lesion in the artery (for example, on a curve or immediately followed by a curve or at the left main stem); type of lesion (such as plain single-vessel, bifurcation single-vessel, plain multi-vessel, and calcified lesions); size of the artery (for example, < or >3 mm); degree of occlusion/blockage of the artery (that is, ratio of lesion size to artery size); and presence or absence of ancillary cardiovascular conditions (for example, myocardial infarction, saphenous vein graft disease and diffuse disease requiring 4 ormore stents) [25] [26] [27] . This challenge is manifest in the fact that, in spite of a voluminous body of literature comprising randomized controlled trials (RCTs), systematic review of results of RCTs, and meta-analyses of the results of RCTs in which the subject is either one modality or two or more [21] [28] [29] [30] , there is a lack/shortage of evidencebased recommendations. This has led to guidelines; for example, in 2014, the European Society of Cardiology listedpolymer-coated drug-eluting stents and BCA as preferred procedures [30] and European and US guidelines call for the use of a "Heart Team" (comprising clinical cardiologists(s), interventional cardiologist(s), and cardiothoracic surgeon(s)) in making a decision on modality to use for a particular case [15] . Taking into account the variety of clinical cases seen, the most widely used modality is stenting [25] .
Stent types have evolved from bare metal stents (introduced in 1987) through durable polymer-coated drug-eluting stents (introduced in 2004) to plain or coated fully bioresorbable stents (FBRSs) (introduced in 2010) (Figure 2 ) [32] . In a plain FBRS, the scaffold is made of Mg or a Mg alloy, whereas, in a coated FBRS, the scaffold, made of either a Mg alloy or a bioresorbable polymer, is coated with a bioresorbable polymer in which an anti-proliferative drug is embedded. There is a growing body of reviews of the literature on bioresorbable stents exclusively [33] - [43] , but only very few cover Mg/Mg alloy FBRSs and, of these, fewer still include any coverage of what, arguably, is the most important shortcoming/challenge of this type of stent, which is high corrosion rate (resulting in rapid resorption) [33] [34] [35] [36] . However, 1) in the review by Boland et al. [33] , the subject is degradation models for both metallic and polymeric components and their application to both Mg-based and polymer-based bioresorbable stents;
2) in the review by Ma et al. [34] , the subject is coatings for both Mg-based bioresorbable stents and orthopaedic implants and only a minimal reference to corrosion is made; and 3) the review by Uddin et al. [35] focused on surface treatments for controlling the corrosion of Mg and Mg-based alloys for applications in orthopaedics and cardiovascular stenting; and 4) the review by Hornberger et al. [36] is on coatings for biomedical applications and not on stents per se and the coverage on corrosion is short.
The present work concentrates exclusively on a review of the literature on methods to improve decrease the corrosion rate of Mg and Mg alloy specimens in aqueous biosimulating media. Results from these literature studies may inform choice of materials, fabrication method, and processing method of the next generation of Mg/Mg alloy FBRSs, which may translate to slower resorbability (that is, improved clinical efficacy). The remainder of the review is organized in five sections. In the first, Stent Types and Clinical Performance, features of all stent types and the major clinical events that each type elicits are presented. There are three reasons for including this section. The first was to present a compact but comprehensive summary of all the theoretical advantages and shortcomings of all the various types of stents, since this kind of summary is very scare in the literature [32] . The second was to highlight the motivation for introduction of a FBRS and to compare and contrast it vis a visa durable stent. The third was to summarize results on the clinical performance of FBRSs, underscoring the state-of-the-art nature of the present work because the aforementioned results have only recently been presented in the literature. The focus of the second section, Approaches to Increase Resorption Time, is methods that have been investigated for reducing the corrosion rate of Mg and its alloys in aqueous biosimulating media. These methods may be applicable to plain fully bioresorbable Mg/Mgalloy stents; that is, stents in which there is no coating. The third section, Appraisal of Approaches, contains a critical appraisal of the approaches discussed in the second section, with a view to identifying the methods that lead to the largest decrease in corrosion rate. In the fourth section, Potential Future Research Areas, additional methods that have a potential to be used to reduce the corrosion rate of Mg and Mg alloys for use in fabricating FBRSs are covered. Thus, information given in the third and fourth sections have the potential to be used to improve the clinical efficacy of the current generation of these stents as well as to ensure improved resorbability of the next generation. The fifth section, Summary, contains a summary of the key points made in the review.
Stent Types and Their Clinical Performance

Categorization Schemes
There is a multitude of stent types available for clinical use. From a taxonomical perspective, they may be grouped in several different ways. For example, on the basis of design (slotted tubular, open-celled, closed-cell, and modular types), cross-sectional shape (for example, round struts type), strut thickness, strut/artery coverage, and materials used for the different parts.
On the basis of the lattermost-mentioned characteristic, five broad types are recognized, these being durable, non-drug-eluting (sometimes called "bare metal stents" (BMSs)); durable, polymer-coated, drug-eluting (sometimes, called "drug-eluting stents" (DESs)); partially bioresorbable, drug-eluting (sometimes, simply called "partially bioresorbable stents (PBRSs); fully bioresorbable, non-drug-eluting; and fully bioresorbable, drug-eluting [29] [46] . Within each of these categories, there are sub-types depending on characteristics such as scaffold material (metal or polymer), coating material (polymer or non-polymer), and drug eluted (for example, biolimus, everolimus, paclitaxel, or sirolimus) ( Table 1) .
The clinical consensus is that a stent is only needed during the vascular healing period after it is placed in the artery. Thus, using the long-term in vivo effects of a stent as the basis for categorization leads to two types: durable (any variant of BMS or DES) and bioresorbable. A durable stent is undesirable because in the post-healing period, among other things, it delays endothelialization, instigates vascular inflammation, precipitates artery wall cellular proliferation, may cause persistent vasomotor dysfunction, is associated with high rate of acquired late malposition, and maintains the need for prolonged dual anti-platelet therapy (DAPT) (which may cause frequent bleeding events, especially in elderly patients and in those who use oral anti-coagulant agents. A bioresorbable stent has a number of potential advantages over a durable stent [30] [41], several of which are outlined here. The former type of stent 1) may be monitored with a non-invasive technique, such as advanced multi-slice computed tomography or magnetic resonance imaging, without causing any metallic artifacts; 2) might restore late expansive remodeling, favorable vascular dynamics, adaptive shear stress, and late lumen enlargement, each of which may contribute to decreased rates of neo-atherosclerosis, in-segment restenosis (ISR), and in-stent thrombosis (ST); 3) has low possibility for strut fracture; and 4) obviates the need for prolonged DAPT, thus minimizing the risk for bleeding in high-risk patients such as elderly ones and those on oralanti-coagulants [39] [40] [41] [42] [43] . Furthermore, after resorption of a bioresorbable stent, 1) there will be full restoration of vascular architecture, endothelium function within the stented area of the artery segment, vasomotion, distensibility, pulsatility, and mechano-transduction; 2) a thick circumferential fibrous layer similar to a thick fibrous cap will be left behind, which may facilitate reduction of the plaque burden; and 3) there will be the option for repeat revascularization (via CABG or PTCI) in or outside the area of original stenting, an option that is particularly important in certain cases, such as those involving bifurcating lesion(s) [47] [48] .
A FBRS is not without its share of shortcomings, some being embolization of partially degraded material (in all designs); low radial support duration (in some designs), and upon resorption, inorganic salts are produced, which cannot be incorporated into metabolic pathways (in some designs), and low strut profile (in some designs). In the case of bioresorbable stents in which the scaffold is fabricated from either Mg or a Mg alloy (AZ31 alloy or AZ91 alloy; for the compositions of these alloys as well as of all the other commercial alloys referred to in the present review, see Table 2 ) and which, currently, either are approved (for example, by the US Food and Drug Administration or have CE mark) or are undergoing clinical trials, an additional drawback is the resorption time is short (~9 mo-~24 mo) [30] [33] . This is because of the fast corrosion rate of the material (at body fluid pH (∼7.4 or even lower due to secondary acidosis from metabolic and resorptive processes that occur after surgery)) [36] , the corrosion product, Mg(OH) 2 , is unstable, unprotective (it does not cover the surface of the stent) and, in fact, facilitates corrosion) [30] [33] . Furthermore, the constant exposure of high Cl − -containing electrolyte causes further corrosion of the stent. Consequences of this high corrosion rate (resorption rate) of the stent include (because of micro-galvanic corrosion occurring as a result of interaction between intermetallic phases and the matrix)
[30] [33] . Thus, the resorption rate of these stents is also high, with the same aforementioned consequences. Table 2 . Compositions of all the alloys referred to in the present review. Regardless of the type of stent, there are a number of common shortcomings or challenges, four of which are highlighted here. First, Initial expansion of the artery (during deployment of a stent) may result in disruption of the internal or external elastic laminae, both phenomena being associated with high risk for restenosis. Second, a stent provokes changes in the mechanical stress in the artery wall, with the extent of these changes depending on stent design and plaque properties. Third, a stent disturbs the blood flow pattern through the artery. Fourth, there is always the possibility for fracture of the stent, causing mechanical restenosis through loss of the radial strength of the stent.
Clinical Performance
There are some clinical problems that are specifically associated with each stent type. With BMSs, there are many reports of ISR (due to neointimal hyperplasia caused by vascular injury [31] ) and a few reports of late stent thrombosis (ST) (that is, IST that occurs between 30 d and 1 y after stent implantation [48] . In the case of durable polymer-coated DESs, the main clinical complications are LST and very-late in-stent thrombosis (VLST) (which is ST that occurs more than 1 y after stent implantation [48] ), with the causes being incomplete re-endothelialization of the stent strut, chronic inflammation brought about by the presence of the polymer coating after elution of the drug is complete, and artery remodeling [27] There is a small, but growing, literature on the clinical performance of FBRSs. In a meta-analysis of the results from 3 RCTs involving comparison of the safety and efficacy of a "newer bioresorbable polymer stent" and a "new generation DES", the difference in each of the outcomes (rate of cardiac death, peri-procedural acute myocardial infarction, target-vessel revascularization (TVRV), and probable/definite stent thrombosis) was not significant [53] . In a meta-analysis of the results from 4 RCTs, it was found that the difference between Absorb BVS stent and a new-generation polymer-coated DES (Xience) with regard to either rate of composite patient-oriented adverse events (namely, myocardial infarction, revascularization, and death) or rate of stent-related adverse events was not significant [54] . In a systematic review and meta-analysis of the results from 10 RCTs in which Absorb BVS was compared to a Xience stent and a BMS (MultiLink Vision) at follow-up of 13 mo, it was found that Absorb BVS had a significantly higher risk of target vessel myocardial infarction (TVMI) and comparable rates of occurrence of other outcomes, such as cardiac death and TVRV [55] . In another systematic review and meta-analysis of the results from 6 RCTs and 38 observational studies in which Absorb BVS was compared to a new-generation polymer-coated everolimus-eluting stent (herein, designated EES) at follow-up of 13 mo, it was found that while relative rates of cardiac death, revascularization, and target lesion failure were each similar for Absorb BVS and the EES, the risk for ST and TVMI were each higher with the former stent [56] . For Absorb BVS, at follow-up of 12 mo, target lesion revas-cularization (TLRV) and peri-procedural myocardial infarction (PPMI) were each significantly higher for lesions treated with multiple stents compared with those treated with a single stent [57] . In a short-term (6 mo follow-up) small-scale (123 patients) RCT involving the DREAMS 2G (BIOSOLVE II trial), rates of target lesion failure, cardiac death, PPMI, and TLRV were 3%, <1%, <1%, and 2%, respectively [58] .
Furthermore, the results of a network meta-analysis of 147 trials involving a FBRS, a BMS, and several variants of contemporary DESs found that, at 1 year follow-up, the FBRS had higher risk of ST than each of the others Furthermore, in a meta-analysis and systematic review of the results from 11 RCTs in which a collection of PBRSs and one FBRS (DREAMS 2G) (biolimus-, everolimus-, or sirolimus-eluting) were compared to a collection of new-generation drug-eluting polymer coated stent designs (everolimus-or zotarolimus-eluting), low incidence of complications, such as ST, TLRV, myocardial infarctions, and death were reported for the FBRS [59] . In a prospective multicenter study involving implantation of DESolve in 16 patients, there were low in-stentlate lumen loss and low percentage neointimal volume at 6 mo, and no chronic recoil and maintenance of lumen patency at 12 mo [60] .
The current consensus is that, when all the available results regarding clinical outcomes when a FBRS is used are considered, adoption of any of the current-generation FBRSs must be done with caution [61] . It is pointed out that this suggestion is based on the lack of meta-analysis of results from high-powered RCTs on this topic. Such RCTs are herein, defined as trials that have the following characteristics: conducted in at least five hospitals/centers located in at least 5 different countries; number of patients, at least 500; duration, at least three years; involving a multitude of FBRSs (for example, one design versus other designs; one design versus a counterpart new-generation DES;
and one design versus a BMS) [62] .
Approaches to Increase Resorption Time
Categorization
To reduce corrosion rate (that is, increase resorption time), the approaches that may be taken may be grouped into six categories (Figure 3 ).
Alloy Modification
In general, alloying elements whose standard electrode potential (E˚) is about the same as that of Mg (E˚M = −2.3 V) or form intermetallic phases with E˚ -E˚M lead to an increase in the corrosion resistance of Mg because they reduce the likelihood for the occurrence of internal galvanic corrosion [63] . Examples of such elements are Y, Nd, and Ce (E˚ = −2.37, −2.43, and −2.48 V, respectively [63] . An important point to highlight is that the corrosion resistance improvement provided by any of these alloying elements (as well as by others, such as Al, Zn, Mn, Zr, Sr, Sn, and Gd) only occurs when its concentration < its tolerance limit in Mg [63] . For Mg-5Ca alloy specimens in Hank's solution, the rate of hydrogen evolution decreased with increase in Zn content of the alloy (C Zn ); for example, after immersion for 60 h, the rates were ∼92% and ∼98% lower with alloys containing C Zn of 0.5 and 5.0 wt%, respectively, compared to the pure Mg [64] . These results were explained as the selective corrosion of the Mg 2 Ca phase, a consequence of the formation of microgalvanic couples being retarded by the Zn and this retardation effect increasing with increase in C Zn [64] .
Heat Treatment Methods
Examples of treatment methods that have been successful in increasing corrosion resistance are aging, alkaline treatment, solution treatment, and laser surface melting.
Aging
Aging creates a microstructure that contains well-dispersed precipitates. For example, most of the equiaxed-Mg grains in an as-extruded GZ51K alloy specimen have longperiod stacking ordered structure but some do not have this structure [65] . After being aged at 180˚C, 200˚C or 220˚C, the long-elongated grains that form in the as-extruded alloy specimen disappear, resulting in uniform corrosion and, hence, enhanced corrosion resistance [65] . Thus, after immersion in simulated body fluid, at 37˚C, for 120 h, the corrosion rate of specimens aged at 200˚C were 46% lower than that of as-extruded specimens [65] .
Alkaline Heat Treatment
This treatment was applied to Mg-Ca specimens, with the process comprising soaking in an alkaline NaHPO 4 solution for 24 h followed by heating at 500˚C for 12 h. This treatment produced a layer with composition of MgNaPO 4 on the surface of the specimen, which serves as a protective layer [66] . The corrosion rate of a treated specimen decreased by ∼83% compared to that of an untreated specimen [66] .
A Two-Step Solution Treatment
This treatment of AM60-2%Re specimens modified with small amounts of Zn (0.2 wt%, or 0.5 wt%, or 0.8 wt%) involved heating at 420˚C for 2 h followed by heating at 540˚C, or 560˚C, or 580˚C for 8 h, and, finally, quenching, in water [67] . In 3.5 wt% NaCl solution, the corrosion rate (as determined from polarization measurements and the Tafel extrapolation method) decreased markedly with increase in Zn content [67] . This trend was also seen in the estimates of corrosion parameters obtained from electrochemical impedance spectroscopy (EIS) results; for example, charge transfer resistance, which is inversely proportional to corrosion rate, increased markedly with increase in Zn content [67] . The trend in these results was consistent with increase in Zn content leading to 1) increased volume fraction of Al-Re phases (these phases serve as barrier to the propagation of corrosion); and 2) decrease in the size of the leaf-like corrosion products and the amounts of oxides of four of the five alloying elements (Al, Ce, La, and Zn), both phenomena of which facilitated the formation of compact, passive corrosion-resistant films [67] . There were no corrosion rate results given for specimens of the alloy with no Zn addition [67] ; as such, the extent to which Zn addition impacted corrosion rate of the alloy is unknown.
Laser Surface Melting
For specimens of AM60B treated using a 10 kW continuous-wave CO 2 laser, there was 87% drop in corrosion rate in 3.5 wt% NaCl solution, at room temperature [68] . The reasons for this are that laser surface melting increases the solid solubility of Al, thus enriching Al in the α-Mg matrix. This increased resistance to general corrosion causes the refined intermetallic compounds to be uniformly distributed in the α-Mg matrix, thereby reducing micro-galvanic corrosion and localized corrosion [68] .
Surface/Subsurface Modification Methods
Two such methods are highlighted, namely, deep rolling and severe plasticity burnishing integrated with cryogenic cooling ("cryogenic burnishing" (CB)).
Deep rolling (DR) involves applying a rolling tool to finish a workpiece that had been turned. This leads to development of a large compressive residual stress deep into the subsurface of the workpiece (at a depth of 800 μm) in combination with sealing microcracks and pores in the surface, leading to increased corrosion resistance. For example, for Mg-3Ca alloy specimens immersed in 0.9 wt% NaCl solution, the corrosion rate (calculated from the hydrogen evolution results) of a DR specimen (rolling force: 200 N or 500 N) was <1% that of a turned specimen [69] .
The steps in cryogenic burnishing (CB) may be summarized thus: The workpiece is fixed in the chucks of a lathe and then rotated during processing. To standardize initial burnishing conditions, a machining clearance cut is made on the workpiece to reduce its diameter by about 1% (typical feed rate: 0.1 mm•rev −1 ; typical cutting speed: 100 m•min −1 ). Then, a fixed roller is pushed against the disc (typical feed rate: 0.01 mm•rev −1 ) and the burnishing speed (linear speed of the contact point between the fixed roller and the workpiece) is set to, typically, 100 m•min −1 . During the rolling, a cryogenic cooling agent (usually, liquid nitrogen) is sprayed onto the tool-workpiece interface. This suppresses the temperature rise that, normally, would occur at that interface (because of friction). After the workpiece diameter is reduced by, typically, 2%, the process is stopped [70] . CB produces a fine-grained microstructure at larger depths, thereby generating a fine surface finish. In 5 wt% NaCl solution, hydrogen evolution amount (corrosion rate) of specimens of CB AZ31 is about half that of a specimen that is ground using a traditional process (Figure 4 ), reflecting 1) the effect of the substantial amount of grain size refinement that CB produced (mean longitudinal axis grain size of as-received specimens = 11.9 ± 4.5 μm and mean grain size near the topmost layer in a CB specimen = 523 ± 131 nm); and 2) the relative size of the pits created by CB and grinding: small and large, respectively [70] .
Coating
A large collection of methods have been used to coat Mg and Mg alloy parts with one or more layers of an inorganic or organic material. Among the methods are chemical conversion treatment, implantation of ions of a gas, metal, or mixture of gas and metal, micro-arc oxidation (also called plasma electrolytic anodization or anodic spark deposition), electrophoretic deposition, sol gel deposition, physical vapor deposition, and radiofrequency magnetron sputtering. Examples of single-layer coatings are MgF 2 , nanohydroxyapatite, akernanite, and silver doped tricalcium phosphate and examples of multi-layer coatings are Ni-P-ZrO 2 , TiO-poly (lactic acid), and MgF 2 -HA [35] Figure 4. Comparison of hydrogen evolution obtained using ground and cryogenically burnished and ground specimens (Constructed from results given by Pu et al. [70] ). [44] [71] [72] . It is worth noting that not all coatings have a desirable effect on the corrosion resistance of the substrate, a case in point being Ti ions implanted in AZ91 specimens produced only a very modest improvement [73] . A summary of various features of a sample of deposited coatings and methods of deposition that lead to various amounts of decrease in corrosion rate of Mg and Mg alloy specimens (relative to the rate in uncoated counterpart specimens) is given in Table 3 . In each case, the improvement is attributed to the coating serving as an effective barrier to the ingress of the electrolyte to the substrate. 
Manufacturing Processes
Manufacturing processes, such as extrusion and rolling, that lead to grain size refinement of the metallic material lead to marked reduction of the corrosion rate of the material. For example, after 75 d in Hank's solution (pH = 7.4), the hydrogen evolution amount of 1) extruded Mg (mean grain size (d M ) = 25 µm) was ∼98% lower than that of as-cast Mg (d M = 1 mm) [64] ; and 2) extruded Mg-5Ca-1Zn (d M = 10 µm) was ∼15% lower than that of its as-cast counterpart (d M = 1 mm) [63] . After 20 d, in Hank's solution, hot-rolled AZ31 specimens displayed ∼98% lower corrosion rate than their squeeze-cast counterparts, as a result of lower d M of the former [84] . One phenomenon that has been postulated to lead to grain size refinement is particle-pinning effect (sometimes, called the redistribution effect) of the second phase in the metal [63] [64]. In fact, it has been suggested that there is a Hall-Petch-type relationship between corrosion rate and d M [85] . However, some results are inconsistent with this suggestion; for example, 1) for six alloys (WE43, AZ80, AZ61, AZ31, ZK60, and ZM21), the order of their corrosion rates in a static medium is different from the order of their corrosion rates in a hydrodynamic medium [86] ; and 2) for an AZ31 components manufactured using equal channel angular pressing [85] , which has a lower d M (∼2.5 μm) than its rolled counterpart, has a higher corrosion rate [63] . Two other phenomena that have been suggested for the decreased corrosion rate of an extruded specimen are high grain boundary density and high dislocation density [63] .
Emerging, Innovative Materials
An example of such materials is a composite fabricated using powders of Mg, nanoHA (mean particle size < 100 nm), and nanoMgO powder (mean particle size < 100 nm) as the raw materials, yielding the following four compositions: 72.5Mg-27.5nHA (MH), 75Mg-20nHA-5MgO (MHM5), and 77.5Mg-12.5nHA-10.0MgO (MHM10), and 80Mg-5nHA-15MgO (MHM15) [87] . The specimens were produced using a blend-cold press-sinter powder metallurgy method; specifically 1) the powder blend was dried in a vacuum oven (220˚C for 10 h); 2) the dried blend was mixed using a planetary ball mill (2 h; Ar atmosphere); and 3) the mixture was pressed (840 MPa) and then sintered (400˚C; 1.5 h; Ar atmosphere) [87] . In Kokubo SBF, at 27˚C, the corrosion rate of specimens of these composites was 4.28, 4.65, 1.06, and 1.94 mm/year [87] . In the case of the MHM10 specimens, the corrosion products were, mainly, Mg(OH) 2 nanorods, which have a hierarchical structure; HA; and Ca(PO 4 ) 2 [87] . Growth of Mg(OH) 2 nanorods in the specimen increased the contact angle between the solution and the substrate, resulting in the substantially decreased hydrogen evolution rate [87] . Another contribution to this excellent corrosion performance is decrease in the number of pores and voids around the HA agglomerates, which reduced penetration of the electrolyte into the matrix. It is to be noted that the corrosion rate of the MHM10 specimens (1.06 mm•yr −1 ) was ∼50% lower than the consensus threshold (2 mm•yr −1 ) [87] .
Appraisal of Approaches
A straightforward comparison of the effectiveness of the different approaches is com-plicated by several factors. First, in some reports, results for the baseline material were not given, an example being the report on the two-step solution treatment method [67] . Second, in other reports, data on important material characteristics that influence corrosion were not given, an example being the report on the relationship between the grain size of the material and its corrosion rate [64] . Third, in some reports, counterpart materials was not given, an example being the report on nanocomposites in which each of the materials had a different composition [87] . Fourth, there were differences in terms of 1) the aqueous biosimulating solutions were used; for example, Hank's solution [64] , 5 wt% NaCl [70] ; physiological saline solution [71] ; simulated body fluid [76] [81], Kokubo simulated body fluid [87] While cognizant of the issues discussed above, it seems that it would still be useful to identify the methods that, by and large, produced the largest decreases in corrosion rate (the threshold being taken to be ≥ 80%). These are the alkaline heat treatment, laser surface melting, coating with nanHA, and deep rolling. Thus, these methods may be considered when developing the next generation of plain fully-bioresorbable Mg and Mg stents.
Directions for Future Research Areas
Directions for five potential research areas are presented. In each of these areas, the corrosion rate (determined using, for example, immersion, potentiodynamic, and/or EIS tests) should be compared to that when Mg or a specified Mg alloy (such as WE43) is the stent material. The first potential research area is optimization of each of the four methods identified in the preceding section as producing high reduction in corrosion rate. This means, for each of these methods, determine the mix of variables that yields the largest drop in corrosion rate for a given material (Mg or a Mg alloy).
Low plasticity burnishing (LBP) is an example of a machining process that is expected to reduce the corrosion rate of Mg and Mg alloy specimens. The principle of LPB may be summarized thus. A smooth free-rolling ball (Si 3 N 4 ; diameter (D) = 12.7 mm) supported on a spherical socket (pressurized hydro-cushion) is pressed against the surface of the workpiece. This unit is hooked onto a milling machine [88] . During the operation, the socket deforms the workpiece in the near-surface region [88] . This results in the development of compressive residual stress in that region; for example, with the pressure applied to the hydro-cushion (P) of 6 MPa, the radial, axial, and circumferential components of that stress were determined, using acoustic emission, to be, approximately, 83 MPa at a depth below the surface of the specimen of 800 μm, 33 MPa at 1000 μm and 83 MPa at 800 μm, respectively [88] . While it is expected that this near-surface compressive residual stress profile will result in decrease in the corrosion rate of the material, the second potential research area should be performance of experimental tests to investigate this. Furthermore, the influence of various process variables, notably, D, P, and number of passes, on the corrosion behavior should be investigated.
Third, emerging methods for depositing nanoHA coating on biomedical alloys should be explored on Mg-based materials currently used for fabricating FBRSs (that is, Mg and WE43) or may be used for such a purpose (for example, Mg-2Al-1rare earth (Ce, Nd, Pt) [36] , Mg-Nd-Zn-Sr-Zr alloy [89] , Mg-0.63Ca and Mg-0.89Ca alloys [90] ). Examples of these methods, which, herein, are defined as those that have been used to deposit nanoHA coating on Ti and its alloys that lead to marked reduction in corrosion rate, are aerosol deposition (ASD) [91] [92], electrohydrodynamic spray deposition (EHDSD) [93] , and liquid precursor plasma spraying (LPPS) [94] . For each method chosen, the influence of process variables on corrosion rate of the specimens should be established. For example, for ASD, key process variables are oxygen gas flow rate and evacuation pressure of the deposition chamber [91] [92] ; for EHDSD, they are flow rate of nanoHA suspension and magnitude of voltage applied to the needle [93] ; and for LPPS, they are composition of the primary and secondary plasma gases, power input to the plasma, and stand-off distance (distance between the specimen and the plasma jet [94] . Once the collection of optimum preparation conditions are determined, further work in this potential research area should be on determining the influence of time of immersion of the specimen in the electrolyte on two aspects. These are 1) the stability of the coating (for example, use angle-resolved X-ray photoelectron spectroscopy to determine change in composition of the coating, thickness of the coating, and composition of the coating-substrate interface); and 2) a model for the coating-substrate-electrolyte system. This could be done using results of EIS and equivalent electrical circuits (EECs). Although the EIS-EEC approach has been used in a number of corrosion studies involving Mg and Mg alloy specimens in a variety of electrolytes [67] [72] [90] , there is a shortcoming in this body work that should be corrected in the work to be conducted in this third potential research area. This is that there has not been any discussion of the principal limitation of the EIS-EEC approach, which is that the circuit presented is not unique [95] .
The fourth potential research area should comprise detailed studies of the corrosion properties of innovative Mg-based materials. Examples are 1) a Mg matrix composite comprising a dense uniform dispersion of 14 vol.% of SiC nanoparticles in Mg-2Zn alloy matrix, with the dispersion achieved via a nanoparticle self-stabilization mechanism in molten metal [96] ; and 2) a Mg-(1-5)Gd-(1-5)Nd-Zn-Zr alloy, which has been shown to have very low cell cytotoxicity [97] .
There is a large number of additive manufacturing (AM) methods [98] [99] [100] , which may be categorized in many different ways, one such being the ASTM International scheme [101] , which comprises seven categories, one of them being powder bed fusion (PBF) methods. Widely used PBF methods include direct metal laser sintering (DMLS), selective laser melting (SLM), selective laser sintering (SLS), and electron beam melting (EBM). PBF methods have many attractive features, such as high accuracy, fully dense parts, and production of parts that have high specific strength and high specific stiffness [99] [100] [102] . As such, there are many reports in the literature on their use to fabricate a variety of metallic biomedical devices, such as patient-matched templates for thoracic pedicle screw placement [103] , a mandibular prosthesis [104] , and a tracheal stent [105] . However, to date, there is only a handful of reports of use of an AM method to fabricate patient-matched bioabsorbable stents and they are only prototypes [106] . The fifth potential research area should be to determine, for a given PBF method, the collection of process and post-production variables that will result in the optimal corrosion rate of a Mg or Mg alloy FBRS in human blood, at 37˚C. For DMLS, some process variables are characteristics of the particle size of the powder (for example, mode diameter and distribution), orientation of the laser machine relative to the building platform (XY plane), laser power (P), scan speed (v), and energy density (equal to P/(v × hatch distance × layer thickness)). For SLM, two key process variables are laser power level and laser scanning speed. For SLS, important process variables are laser power level, laser scan counts, and powder bed temperature. For EBM, key processing parameters are electron beam power level, electron beam scanning speed, and spacing. In essence, the task will be to determine, for a given PBF method, the values of each of the process variables that will lead to the optimum size of the melt pool. This suggestion is based on 1) the fact that the size of the melt pool exerts a significant influence on the shape, volume, and distribution of pores in a component produced any of these melt processes [99] [107]; and 2) the expectation that corrosion rate of a FBRS will be influenced by porosities in it. A relevant post-production method issurface treatment using, for example, shot peening or polishing. For shot peening, pressure, time, and diameter of glass microspheres used are important and for polishing conditions, medium and time are important.
Summary
The following is a summary of the key points made in the present review:  Coronary artery disease (CAD) is characterized by partial or full blockage of section(s) of the artery by plaque. In nearly every country, CAD is one of the leading causes of death. When surgical interventional is deemed necessary to re-vascularize the plaque-laden artery, many options are available, with the most widely used being balloon angioplasty followed by implantation of a stent.  On the basis of the materials used, stents have evolved from durable bare metal (principal shortcoming being high incidence of in-segment restenosis (ISR)) through durable drug-eluting (principal shortcoming being late/very late stent thrombosis (L/VLST)) to fully bioresorbable types. The last-mentioned has many theoretical advantages, such as bioresorbability, high potential for full restoration of endothelial function within the stented zone, low potential for ISR, and low potential for L/VLST, but the main shortcoming of the current generation is short resorption time, a consequence of high corrosion of Mg and Mg alloy specimens in vivo.
There is a sizeable body of literature on approaches to reduce the corrosion rate of Mg and Mg alloy specimens in aqueous biosimulating media that may have implications for Mg/Mg alloy FBRSs.
 A review of the aforementioned body of literature categories identified these approaches as alloy modification, heat treatment methods, surface/subsurface modification methods, coatings, manufacturing processes, and use of emerging, innovative materials. The present work contains a critical summary of the results from studies on all of these approaches, leading to the overall finding that four approaches (namely, alkaline heat treatment, laser surface melting, excimer laser deposition of a 5 wt% Ag-doped tricalcium phosphate coating, and deep rolling) offer the greatest potential for marked reduction in corrosion rate. The review ends with suggested directions for future work, among which are 1) optimization of each of the abovementioned four processes, for a given material; and 2) fabrication using a powder bed fusion metal additive manufacturing method. Thus, information given in this review may contribute to research and development work on the next generation of plain fully-bioresorbable Mg and Mg-alloy stents.
